RFID solution providers claim that their technology and solutions bring significant benefits and have valuable advantages in practice. As new RFID solutions being developed and more RFID tags and equipments being used, these solutions will become more cost effective and RFID businesses are expected to grow rapidly. Since RFID is fairly new, it's difficult to measure resulting sales increases or heightened customer satisfaction quotients. On the other hand, according to IDC estimation (IDC is a subsidiary of International Data Group, a leading technology media, research, and events company and provider of market intelligence, advisory services, and events for the information technology, telecommunications, and consumer technology markets), companies in the retail sector will spend nearly $1.3 billion on RFID in their supply chain operations in 2008, compared to about $91.5 million in 2003 which corresponds to annual growth rate of 70 percent. In a similar look; the Wireless Data Research Group projected that the global market for RFID increased from $1 billion in 2003 to $3 billion in 2007 (Asif & Mandviwalla, 2005 ). There are two major drivers of this growth. The first one is the adoption of RFID technology by major retailers and government agencies. The second one is the reduction in the price of RFID tags, readers, and information technology (IT) systems required to deploy RFID. Given the significant potential of RFID technology, there has been a huge emergence of RFID specialty companies and the development of RFID practices within many marketleading companies. Due to huge emergence, it is desirable to make a sector analysis. In this study, we perform a sector analysis for RFID technologies for researchers and analysts. We investigate public RFID companies traded on the stock exchange markets, summarize their financial performance, describe their RF products, services, and applications, and perform fundamental and technical analysis.
RFID technology
RFID technology is a promising technology helping companies solve problems in supply chain management, manufacturing, security, identification and asset tracking. At the first glance, RFID appears to be a production and distribution technology; on the other hand, it is an IT system for data collection, storage, analysis, and distribution. Components of the RFID system are described as RFID tags, RFID readers, and RFID data processing system. RFID tags are the most important component of an RFID system. A typical RFID tag contains the following three components; the integrated circuits (IC) chip, the antenna, and the enclosure. The IC chip is used for the unique data storage and logical operations associated with the RFID tag, whereas the antenna is used for communication between readers. Data is stored in the IC chips and transmitted through the antenna. The enclosure is the packaging around the electronic components. RFID tags can be active or passive according to the supply of electronic power. Active RFID tags use a battery to power IC chip and broadcast signals to the reader. Passive tags do not have batteries and are powered by the electromagnetic waves sent out by a reader to induce a current in the tag's antenna. Passive tags have unique identification number in them that cannot be changed and are transferred into a computer database in which the ID is associated with product characteristics; while in active tags, the information can be written, erased and rewritten. The advantage of active tags over passive ones is that the reader can be far away from the device and still get the signal. RFID readers communicate with the RFID tags. They are RF devices designed to detect and read tags to obtain the information stored in RFID tags. Retrieval of information from the RFID tags needs scanning by a reader. The reader powers the antenna to generate the RF field. The RFID reader can send RF signal to the RFID tag and receive the information from the RFID tag, and then send this information to the RFID data processing system. The RFID data processing system stores related information such as product information, tracking logs, reader location, and so on with a particular tag. Since information retrieving and storing can be performed easily and speedily from RFID tags, "saving time" is the main advantage of RFID technology. The implementation of RFID systems will cost companies millions of dollars. Specific costs for the systems include RFID tags, RFID readers, tag printers, middleware, IT infrastructure, consulting, research and development (R&D), changes to internal business systems, training, third party licensing, facilities changes, and labor. The stages of the proactive implementation of RFID technologies are summarized for IT and business managers by Angeles (Angeles, 2005) as follows; make the return on investment case for RFID; choose the right RFID technology; anticipate RFID technical problems; manage the IT infrastructure issues such as data management concerns and integration with back-end applications; and leverage pilot project learning experiences. Nowadays, RFID technology is a very hot and useful technology because low-cost RFID tags are capable of reading or writing information corresponding to an entity without physical contact, while it possesses a fast recognition speed, and has a relatively greater storing ability compared to barcodes. RFID works better and user friendly than barcodes. High reliability and longer life than barcodes are other advantages of RFID technology.
Public RFID companies and their business descriptions
Companies of RFID industry have lofty goal. By eliminating wasteful time and labor, they hope to save money, to improve the product quality or to provide better service. This industry is a fast growing one and there are many companies in this area. We have analyzed thirty three public RFID companies traded on the stock exchange markets. For a detailed reading, one can look at the study by Asif and Mandviwalla (Asif & Mandviwalla, 2005) , Kasap et al., 2007, and (RFIDinvesting.com, 2007) . Most of these companies, more specifically twenty four of them are from USA, and the rest of them are from UK, Canada, Germany, India, Israel, and Korea. It can be seen that most of these companies are traded on the USA based stock exchange markets for instance, NASDAQ have thirteen RFID companies, New York Stock Exchange (NYSE) have twelve RFID companies, OTC Bulletin Board (OTCBB) have two RFID companies. NASDAQ is the largest U.S. electronic stock market with approximately 3,200 companies; it lists more companies and, on average, trades more shares per day than any other U.S. market. NASDAQ is home to companies that are leaders across all areas of business, including technology, retail, communications, financial services, transportation, media and biotechnology. In addition to the US based stock exchange markets, both London Stock Exchange (LSE) and Toronto Stock Exchange (TSE) markets have two RFID companies. Korea Stock Exchange and India Stock Exchange markets have only one RFID company. Furthermore, some of these companies have RFID as their primary business and some have RFID as part of their business. Some of these companies design and manufacture RFID technologies and equipments, some offer consulting services for RFID adoption, and some are providers of other RFID solutions. The RFID industry may be classified into hardware, software, system integration, printing, and services sectors. Names, locations, general business descriptions, and RFID business descriptions (products, services, and applications) of these companies are provided in detail in 
Financial performance analysis
Nowadays, many companies, financial institutions and organizations use advanced operations research techniques to improve their financial decision making, to estimate and reduce financial risks to which they are exposed, and generally to advance their financial operation and decision making processes. Financial decision making needs some factors of stock market to be determined and analyzed initially. These factors are mainly market risk and sector risk related to the sector under consideration. Market risk can be defined as the risk that the value of an investment will decrease due to moves in market factors. After market risk, the most influential factor in the performance of a stock is the sector risk. An industry sector consists of companies in closely related businesses such as financials, healthcare, airlines, retailers, etc. Stocks within a sector tend to move together because companies within the same industry group are affected in similar ways by market and economic conditions. One of the financial decision making problems can be defined as to determine which sectors are hot and which ones are cooling down by tracking industry groups. Once a sector trend is identified, the group "rotates into favor" as one institution after another begins accumulating shares in the best companies in the group. As more money flows into the group, the best companies become fully valued and money moves into secondary stocks in the sector. Eventually the group becomes overpriced, or economic conditions for the group turn unfavorable, then money rotates into the next hot sector. Note that, no matter what the overall market is doing, one can always find some industry groups moving up and others heading down. A popular investment strategy is to pick the strongest stock in a strong industry. For this, fundamental analysis and technical analysis are performed, after a sector is identified. While fundamental analysis studies the reasons or causes for price movements, technical analysis studies the effect of the price movement itself. Researchers and analysts (practitioners and academicians) of financial markets in general deal with stocks and analyze one or more companies.
Fundamental analysis
Fundamental analysis is basically investigation of real value of a stock by analyzing all financial/economic data/information related to company. In other words, the trading price of a stock does not totally reflect the real value of the stock and in the long-run, market value of the stock is assumed to converge to its real value. Thus, to make a sell/buy decision about a stock, to make selection of which stocks to sell/buy and to take a position in the market, it is necessary to know the real value of the stocks. In order to find the real value of a stock, different valuation methods can be employed and fundamental analysis is one of them. To evaluate the value of a stock, fundamental analysis simply uses information about the past, current and future (anticipated) status of the company and its operations; the features of the company; the market in which it operates and competitors; any financial/economic factor that affect the business and movements of the company; any quantitative/ qualitative issue that influence the value of the stock. In this respect, such an analysis is also helpful in assessing the current and expected performances of the companies in that industry, performance of the whole sector, and shaping the investment decisions (Thomsett, 2006) . Specifically, fundamental analysis involves examination of business model of the company; strength of/weakness of/opportunity for/threat for the company; structure and decision making policy of the management; operational decisions and news declared by the company; financial statements (income statement, balance sheet, cash flow statement); financial indicators about the company (such as revenue, expense, profit, earnings per share, price to earnings ratio, projected earning growth, quick ratio, dividend payments, dividend payout ratio, book value, price to book ratio, price to sales ratio, return on equity, financing data, investment data); market share; customer structure; characteristics of the market (such as growth rate, competitors, government regulations, pricing structure); macroeconomic indicators (such as gross domestic/national product, interest rate, inflation rate, stock market indices, employment data, unemployment rate, capacity usage, business cycle, money demand/supply, credit demand/supply, monetary policy). Investigation of all these information and data shows that fundamental analysis is a long-term study.
Technical analysis
Technical analysis is the anticipation of future price movements of a stock, price trend, and trade volume by using past prices, trading volume data, supply and demand data of that stock and information about the stock market over a specific time period. There are three fundamental thoughts lying beneath the technical analysis. The first one is that stock price reflects all publicly available information related to that stock so, we can rely on the price movements to make sell/buy decisions. Secondly, it is believed that stock prices follow trends and for this, it is important to anticipate trend behavior of the stocks. Finally, it is assumed that investors tend to show comparable reactions to similar market actions in time therefore, studying past behavior and past data reveals valuable information about the future performance of the stock prices. As opposed to fundamental analysis, technical analysis is a short-term study (Kirkpatrick & Dahlquist, 2006 
Financial performance analysis of public RFID companies
To analyze financial performances of the companies listed in Table 1 Table 2 . Share price and market capitalizations of public RFID companies change with a wide range. Market capitalization is calculated by multiplying a company's shares outstanding by the current market price of one share. Market capitalization, frequently referred to as "market cap", can be defined as the total dollar market value of all of a company's outstanding shares. Public RFID companies can be classified by their market caps as large, mid, small, micro, and nano caps. In general, "Large Cap" refers to companies with a market capitalization value of more than $10 billion such as IBM, 3M, Baxter International, Texas Instruments, and International Paper. "Mid Cap" is a company with a market capitalization of between $2 billion and $10 billion such as Infineon Technologies, Verisign, Avery Dennison, NCR, and Zebra Technologies. "Small Cap" is a company with a market capitalization of between 300 million and $2 billion such as Brady, Atmel, Intermec, RF Micro Devices, Checkpoint, ScanSource, and Manhattan Associates. "Micro Cap" is a company with a market capitalization of between 50 million and 300 million such as Bearingpoint, I.D. Systems, Tower Semiconductor, and Digital Angel. "Nano Cap" is a company with a market capitalization of less than 50 million such as Alanco Technologies, Axcess International, Socket Communications, and SPAR Group. Note that classifications such as "Large Cap" or "Small Cap" are only approximations that change over time. Keep in mind that a portfolio with mature companies will have less volatility risk. The industry movement trend can be predicted by the knowledge of some stocks that sampled to reflect the industry credibly enough and weighted to give a reasonable industry index or average. On the other hand, a portfolio of rapidly growing companies will have the potential for higher returns but also higher volatility levels. Our results for sector analysis revealed that RFID technologies are also similar. One of the most critical questions of the investment decision is to decide when to buy a stock. Technical analysis tools can help on such a decision. Fig. 3 . 5-year candle stick chart for Digital Angel. 
Conclusion
We investigated public RFID companies traded on the stock exchange markets, summarized their financial performances, described their RF products, services, and applications. We performed a sector analysis for RFID technologies for researchers and analysts. When picking individual stocks, it is critical to know what type of industry the underlying company is participating in. The situation for which the company falls in the life cycle of its industry, if it is a smaller company about to experience rapid growth, or if it is a larger company that has already matured are the critical questions to maximize ROI or minimize risks. The most popular investment strategy is to pick the most promising or the strongest stock in a strong or promising industry. The RFID industry is emerging from its transition stage as businesses are ramping up their use of RFID technology. It is expected that this profitable sector will attract more investors looking for opportunities on the horizon.
